Mutational inactivation of ATRX (α-thalassemia mental retardation X-linked) 27 represents a defining molecular alteration in large subsets of malignant glioma. Yet the 28 pathogenic consequences of ATRX deficiency remain unclear, as do tractable 29 mechanisms for its therapeutic targeting. Here we report that ATRX loss in isogenic 30 glioma model systems induces replication stress and DNA damage by way of G-31 quadruplex (G4) DNA secondary structure. Moreover, these effects are associated with 32 the acquisition of disease-relevant copy number alterations over time. We then 33 demonstrate, both in vitro and in vivo, that ATRX deficiency selectively enhances DNA 34 damage and cell death following chemical G4 stabilization. Finally, we show that G4 35 stabilization synergizes with other DNA-damaging therapies, including ionizing radiation, 36 in the ATRX-deficient context. Our findings reveal novel pathogenic mechanisms driven 37 by ATRX deficiency in glioma, while also pointing to tangible strategies for drug 38 development.
ATRX expression and exhibits a characteristic pattern of CNAs, distinct form that 144 commonly seen in other adult disease subclasses ( Supplementary FIG. 3) . Moreover, 145 multiple CNAs recurrently featured in ATRX-deficient glioma mobilize established 146 oncogenic and/or tumor suppressive loci, including MYC and CDKN2A 2 , implying that 147 such structural abnormalities may contribute to the malignant evolution of this inexorably 148 progressive cancer.
149
To experimentally model CNA formation in the ATRX-deficient setting, we aged 150 our isogenic NHAs in culture, monitoring DNA copy number by SNP array at 5 and 15 151 passages-~1 month and ~3 months in culture, respectively ( Supplementary FIG. 3) .
152
We found that while both sets of isogenics demonstrated increased CNAs over time,
153
ATRX-deficient NHAs exhibited a distinct pattern of gains and losses that included larger 154 (> 1 Mb) alterations not seen ATRX-intact counterparts (FIG. 3a) . Analysis of TCGA 155 SNP data revealed a similar subset of broad alterations included within the CNA profile 156 of IDHmut-noncodel gliomas (FIG. 3b) . Moreover, two of the broad CNAs associated therefore, selectively enhance DNA damage to an unsustainable degree in the ATRX-170 deficient context. To evaluate the therapeutic potential of this synthetic lethal approach, 171 we treated our isogenic NHAs in culture with increasing concentrations of CX-3543 172 (Quarfloxin), an established G4-stabilizing agent 35, 36 . We found that ATRX knockdown, 173 in both constitutive and inducible systems, was associated with increased sensitivity to 
192
The experimental links, described above, between replication stress, DNA 193 damage, and CX-3543 treatment prompted us to consider whether G4 stabilization might 194 enhance the therapeutic efficacy of established DNA-damaging treatment strategies, particularly in ATRX-deficient setting. To evaluate this possibility, we subjected vehicle 196 and CX-3543-treated isogenic NHAs, cultured in soft agar, to increasing doses of either 197 ionizing radiation (IR) or hydroxyurea (HU), assessing viable colonies at 21 days. We
198
found that CX-3543 treatment potentiated the cytotoxicity of both IR and HU, and while 199 these effects were significant for all cellular genotypes, they were particularly strong in 
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ATRX deficiency enhances sensitivity to chemical G4 stabilization in vivo.
205
Having established the increased sensitivity of ATRX-deficient NHAs and GSCs to 206 chemical G4 stabilization in cell culture, we sought to ascertain whether this approach 207 could exhibit a similar degree of efficacy in vivo. To this end, we employed an ATRX- 
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In summary, we firmly implicate G4 secondary structure as a defining 
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An independent cohort was used for Kaplan-Meier analysis. Xenografted tissues were 460 removed, weighted and split into two parts. One part was snap frozen for TEL-FISH, 461 while the other half was subjected to FFPE processing. 5µm FFPE sections were 462 deparaffinized and subjected to antigen retrieval. Sections were blocked for non-specific 
